Background
Introduction
Corticosteroids are used widely for their immunosuppressant and anti-inflammatory properties. They may be used individually or in combination with other drugs and are prescribed in both short and long courses depending on the condition being treated and the response of the patient [1] . The adverse effects from short-course use have been described recently and include changes in mood and behaviour, vomiting and sleep disturbance [2] . Long-course use of corticosteroids may lead to additional side effects [3] . Many of the side effects are reversible if the medication is stopped, while others may be permanent [4] [5] .
It is known that higher doses of corticosteroids, particularly when used for prolonged courses can cause hypothalamic-pituitary-adrenal axis (HPA axis) suppression. This can result in increased susceptibility to infections including viral infections such as varicella zoster, bacterial infections such as cellulitis and fungal infections such as candida, tinea, etc. [6] .
The risk of specific adverse drug reactions (ADRs) following long term corticosteroids in children is unknown and these effects are of major concern. We therefore performed a systematic review to determine the toxicity associated with long course oral corticosteroids, to identify the most common and serious ADRs and to determine their relative risk levels. We defined long-course oral corticosteroids as use for at least 15 days.
Methods
A systematic literature search was performed to identify all papers describing toxicity of corticosteroids in children. Six databases were searched up to January 2016: MEDLINE, EMBASE, International Pharmaceutical Abstracts, CINAHL, Cochrane Library and PubMed. The databases were searched separately and combined together to remove duplications. The search strategy included all languages and involved the keywords "prednis Ã or dexamethasone or betamethasone" which are the most frequent medications given orally to children for long periods. "Corticosteroid" was added to cover all other oral corticosteroid medication. The keywords "toxicity Ã or adverse drug reaction Ã or adverse event Ã or side effect Ã or adverse effect Ã " were used as recommended by the BMC Medical Research Methodology for systematic reviews of adverse effects [7] . Additionally, the keyword ''safety Ã ", was used as in a previous systematic review [8] . The terms recommended by search strategies for Medline were used to cover the paediatric age group ''child Ã or children Ã or p Ã ediatric Ã or infant Ã or adolescent Ã " [9] . The terms neonate, newborn and gestation were excluded. The keywords: oral, tablet, syrup and PO (abbreviation meaning by mouth) were used to cover all possibilities of oral administration of corticosteroids.
Inclusion criteria were original research studies assessing corticosteroid toxicity in children from 28 days up to 18 years of age. These included randomised controlled trials (RCTs), case series, case reports, cohort studies and letters. Five percent of randomly selected abstracts were independently assessed for eligibility by a second reviewer for assurance that no relevant studies were missed. Data including the number of patients, drug name, duration, diagnosis, number and type of ADRs were extracted.
Exclusion criteria included; review articles, editorials, studies that did not give ADR data, studies in adults, studies involving adults and children where paediatric data was not presented separately and studies in which corticosteroids were not given orally and/or were administered for less than 15 days.
The quality of included RCTs was assessed using the Cochrane collaborations tool for assessing risk of bias in randomised trials [10] . Any study showing a high risk of bias on three or more parameters was thereafter excluded. Prospective cohort studies were assessed using the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) checklist [11] , where a score of over 70% is required for inclusion. Other studies were quality assessed using the Health Technology Assessment checklist [12] . All studies achieving at least satisfactory criteria were included. All quality assessments were independently assessed for eligibility and scored by two reviewers using a specially designed form. Any discrepancies were resolved by a third reviewer.
The incidence of ADRs was calculated from the RCTs and prospective cohort studies when more than one study reported the ADR.
Meta-analysis of included RCTs was performed using RevMan 5.3, software provided by Cochrane, used for organising the quality assessment for RCTs and for carrying out meta-analysis. Chi 2 analysis of the difference between treatment duration periods (short-and longcourse) was performed for the discussion section. P-values <0.05 were considered statistically significant. Fig 2) . Twelve studies scoring < 70% in the STROBE checklist (range 30-57.5%) were excluded [115] [116] [117] [118] [119] [120] [121] [122] [123] [124] [125] [126] . Eight case series were excluded for poor ratings in the Health Technology Assessment checklist [127] [128] [129] [130] [131] [132] [133] [134] .
Results
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Corticosteroids were used to manage a wide variety of medical conditions, of which the most common were leukaemia, haemangioma, asthma, nephrotic syndrome, cystic fibrosis and Crohn's disease. Prednisolone and dexamethasone were the most commonly used drugs.
The studies included a total of 6817 patients and 4321 ADRs ( • Three studies evaluated HPA axis suppression only [29] [54] [66] .
• Two studies measured growth only [43] [45].
• Two studies evaluated behavioural change and sleep disturbance only [50] [65] .
• One study evaluated both blood pressure and osteoporosis [49].
• One study measured weight only [46].
• One study measured bone mineral density only [42].
• One study evaluated infection only [63] .
Thirty six different ADRs were reported from the RCTs and prospective cohort studies (Tables 2 and 3 ). In terms of numbers of patients experiencing them the three most common ADRs were weight gain, growth retardation and Cushingoid features, affecting between 21.1 to 18.1% of children.
Six RCTs and one prospective cohort study reported that 112 children experienced hyperglycaemia during treatment periods (incidence 3.4%) [20, 22, 27 showed statistically significant hyperglycaemia associated with oral prednisolone compared to placebo in cystic fibrosis patients (Fixed model, I 2 = 0%, P = 0.008, RR = 2.73). (Fig 4) . showed statistically significant biochemical HPA axis suppression associated with oral prednisolone compared to oral budesonide (Fixed model, I 2 = 0%, P = 0.02, RR = 1.88). (Fig 5) . Some patients did not achieve adequate adrenal function (cortisol level >18 μg/dL) until eight weeks after completion of therapy with dexamethasone [57] . Also some children still had adrenal suppression (cortisol level <18 μg/dL) after withdrawal of dexamethasone for up to 4-8 months [58] . One infant with a haemangioma withdrew from treatment with oral prednisolone due to adrenal crisis [36] . Twenty six RCTs and cohort studies evaluated weight changes in patients (Table 3) . Thirteen case series and case reports also reported 49 children experiencing weight gain (Table 4) . Weight was measured in patients with idiopathic thrombocytopenic purpura (ITP) in two RCTs [17] [18], three case series [72] [73] [74] and one case report [101] . The majority of patients had significant weight increase of 6% to 10% during oral corticosteroid treatment.
Thirty one different ADRs were reported from case series and case reports with a total of 674 ADRs in 397 patients (Table 4) . .
In total, 43 patients died during treatment with oral corticosteroids ( [106] . Another two children with KearnsSayre syndrome died from hyperglycaemia after receiving oral prednisolone [92] . Twenty children (six prednisolone, 14 dexamethasone) with leukaemia died due to unknown reasons [27] . (Table 5 ). Behavioural changes were one of the most common causes for medication withdrawal, reported in three studies with nine leukaemia patients, all of whom were treated with oral dexamethasone [27] [28] [98] . Additionally growth retardation in four infants with haemangioma led to discontinuation of oral prednisolone [32] . (Table 5 ).
Discussion
Forty three patients died during treatment with oral corticosteroids. Infection was the most serious ADR and was responsible for half of the deaths. The incidence of infection with short course oral corticosteroids in children has previously been reported as (0.9%) [2] . It was significantly higher (8.7%) with long course treatment (P <0.0001). It is already well known that the immunosuppressant effects of corticosteroids in supra-physiological doses can lead to patients having increased susceptibility to infection, to deterioration in those with existing infections or to activation of latent infection [135] . To compound this their anti-inflammatory effects may mask symptoms and allow infections to progress significantly before detection. We Toxicity of Long-Course Oral Corticosteroids in Children believe this is the first study to quantify this greatly increased incidence of infection in patients on long-course rather than short-course oral corticosteroids.
Hyperglycaemia was another serious side effect associated with long courses of oral corticosteroids. There were no differences between the incidence of this ADR during short and long course treatment [2] . The risk during short course corticosteroids however was transient and resolved shortly after discontinuing the medication without intervention, however during long course treatment some patients needed daily insulin [27] [28] [90] .
Behavioural change was twice as common during long course treatment (8.1%) compared with short course (4.7%) [2] and this difference was significant (P <0.0001). Treatment withdrawal and medication intervention were often required with long course treatment. Psychiatric ADRs ranging from insomnia to mood change and dementia have also been reported in [138] . Our study suggests that behavioural problems may be more common in children.
The risk of HPA axis suppression during long course corticosteroids was greater with dexamethasone than prednisolone in leukaemia patients [29,51-58]. Also suppression was greater with oral corticosteroids (66% of patients) than inhaled corticosteroids (31% of patients) in asthmatic patients [66] . The suppression reported during the long course corticosteroids studies was severe and led to adrenal crisis. Fourteen patients with HPA axis suppression during long course treatment needed months to regain adequate adrenal function [36] [57] [58] . On the other hand, all the children with HPA axis suppression during short course treatment returned to a normal level of endogenous cortisol secretion within 10-12 days after discontinuation of the corticosteroids [2] .
The three most commonly observed ADRs associated with long-course oral corticosteroids were weight gain, growth retardation and cushingoid features.
Weight gain was the most common side effect. This was not however significantly different to that reported for short-course corticosteroid treatment [2] . The risk of this ADR was greater with prednisolone than budesonide in children [26] . In adult patients weight gain was associated with longer duration of corticosteroids use, even with low-dose [139] .
Growth retardation was the second most frequently observed side effect. The risk of this ADR was significantly greater with prednisolone than intravenous methylprednisolone [22] . Also the risk was significantly greater with boys than girls [43] . Comparing oral corticosteroids with inhaled corticosteroids (ICS), one study found that inhaled medication is significantly better than oral in terms of growth retardation [140] . This ADR has not been reported during short-course corticosteroid treatment. [2] Cushingoid features were the third most frequently observed side effect caused by oral corticosteroids. The risk of this ADR was significantly greater with prednisolone than budesonide [14] [15] (Fig 5) . This ADR was not reported during short-course corticosteroids treatment [2] . In adult patients Cushingoid features were associated with longer duration of corticosteroids use, even with low-dose [139] .
Hypertension was another side effect associated with long courses of oral corticosteroids occurring in 5.6% patients. This ADR was severe in some patients and occasionally needed The prevalence of overall ADRs associated with long course corticosteroid use was high, and this finding may be underappreciated by clinicians. Because parents and patients may be concerned about the potential ADRs of corticosteroids prior to use, physicians need to be well apprised of their relative risks.
In conclusion this systematic review showed that the most serious ADR associated with long-course oral corticosteroids was infection reported in 9% patients and resulting in 21 deaths. The most frequent ADRs were weight gain, growth retardation and cushingoid features. Behavioural changes were the main reason for treatment discontinuation.
Registration number
CRD42014010501
By PROSPERO International prospective register of systematic reviews Supporting Information 
